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This invention relates generally fo fluid valves. 
and more particularly fo fluid valves operating on 
high pressure fluid, as Used in modern aircraft 
control systems, e. g., 3000 p. s. i. 
The present invention is directed, in one prin- 
cipal aspect, to a selector or çontrol valve of a 
type employing a ported valve element equipped 
with a known type of sprini actuated axially 
movable ring seai engaging a lapped surface of 
the ported valve element surrounding the high 
pressure entrance  ports thereof. The .ported 
valve element in this general type of valve bas 
somètimes been constructed for rotation, and 
sometimes for linear tra.nslation. The ring seals, 
protected against leakage around their outsides 
by synthetic rubber O-rings, very successfully 
seal against leakage of fluid even at high pres- 
sures. However, the effort fo move these vaives 
when using high pressure fluids becomes very 
considerable, and if is accordingly one object of 
the present invention to provide a selector valve 
of the type mentioned having an easily operable 
pilot valve for controlling the hydraulic fluid fo 
move the main valve. Further objects include the 
provision of an improved pressure baianced pilot 
valve, and the provision of a main valve so con- 
structed and arranged and so equipped that it 
is easily and readily operated by pilot-controlled 
hydraulic means. 
Vaives of the type under consideration are 
commonly of the four-way type, though modifled 
forms may be of the three-way or two-way types. 
Four-way valves of this generai type may be em- 
ployed, for example, where if is desired fo direct 
the flow of high pressure hydraulic fluid from 
.either one of two engine driven hydraulic pumps 
to either one of two hydraulic systems in an 
airplane, or from a single pump or pressure 
source fo either end of a double acting cyllnder or 
cyinders, while ai the same rime permitting the 
. fluid from the other end of the cylinder to flow 
through the valve into a return line and back fo 
the reservoir. 
It is a purpose and  feature of the present 
invention that thepil0t vlv.e be controllable by 
electrical solenoil actuation, and if is a feature 
and characteristic of thè Valvë of the present in- 
vention, in-one of ifs principal forms, that the 
-.valve will not "dump' system pressure in the 
-case of an electricai failure, as is the case with 
.s.ome values of the prior art. The main valve ele- 
ment of th.e invention returns fo a cent#al heu- 
:tral. position in the event of either elecricai or 
 hydra!!_iç failure, and inone Prefèrred fom of 
:the inventio.n» the high pressuro luid ai such rime 

is cut off and held, whfle at the same time, the 
two "work '- or "cylinder" ports are aiso seaied 
off, so that the fluid is held in the two ends of the 
work cylinder. In another embodiment, the two 
5 ends of the work cylinder àre conuected fo the 
"return" line upon the main valve moving to 
neutral position, which if will do upon either 
electrical or hydraulic failure. A choice is thus 
had as fo whether, upon electricai or hydraulic 
10 failure, the fluid in the work cylinder-is retained 
or released. 
A further object is the provision Of a pilot con- 
trolled selector valve which Will operate, hOt oniy 
at high pressure such as 3,000 p. s. i., but down fo 
15 as low as say 240 p. s. i.; so that the valve remains 
operable even with considerable failure of 
draulic pressure. 
A still further object is the provision of a pilot 
operated selector valve which is operable 
20 tween the control positions in an extremelY short 
interval of rime, as for instance, within  of 
a second or less. 
A further object is the provision Of a valve of 
the general character mentione, hàving a simple 
25 and straight-forward design throughout both 
pilot and main valve units, assuring satisfactory 
operation and long lire, as well as having the fea- 
tures of compactness, quick, positive positioning 
of both pilot and main valve, giving véry sensi- 
30 rive control of the power cylinder, and ease of 
installation in a hydraulic control System. 
The main valve unit in a present preferred em- 
bodiment employs a pored slide type of valve, 
equipped with axially movable spring pressed ring 
35 seals engaging lappedsurfaces surrounding the 
ports in the slide member. This slide member 
is of rectangular cross-section, and is accurately 
and closely fltted inside a broached passageway 
Of similar cross-section in the valve body. Posi- 
40 tioning of the valve' is directly controlled by 
means of floating pistons er/gaging opp0site ends 
of the slide valve and which react fo pilot con- 
trolled hydraulic pressure for movëment fo either 
selected position or fo a neutrai position deter- 
45 mined by centering spçings acting on the said.pis- 
tons and taking over control when the pildt 
trolledhydraulic presskrefluid is cut off.. " 
The valve is equipped with two solenoid oper- 
ated pilot valves, each employing a smail Pres- 
50 sure balanced spherical poppet fo direct. the 
pressure flUid from the main inlet pressure"P0rt 
to the floating work pstons at thetw0 ends of 
the main slide valve.. This spherical poppet 
valve elëmen.t seais af either of two segts Which 
55 are .situáted togllw a poppet, stroke..of the 



order of .020 ° to achnit fluid under pressure or 
to allow the pressurized fluid to escape. Each 
pilot valve, in the normal (solenoid de-ener- 
gized), is spring-loaded against its pressure 
sert, with. the 0pposit e sert open for venting 
work piston pressure chambers to the main valve 
return port. When either so]enoid is energized, 
the corresponding spherical poppet instant]y 
seals the return flow seat and admits fluid pres- 
sure to the corresponding work piston, causing 
the main slide valve to move to the seiected 
position. This slide valve movemel%t also com- 
presses the springs Ri the opposite end so that 
when the solenoid is deenergized, the slide valve 
automatically returns to neutrR1. 
The pilot valve oï the invention also has 
utility employed as the .main va!ve c0mponê.%t 
in certain types of out-off and three-way va!ves, 
as will be described in the course of the body of 
the speciflcation. 
he invention will be more fully uiderstood 
by now referring fo the following detailed de- 
scription of certain prescrit preïerred embodi- 
men thereof, reference for this purpose being 
had fo the acccmpanying drawings, in which: 
Figure 1 is a vertical longitudinal section 
one prescrit illustrative four-way embodiment of 
the valve of the invention, taken in accordance 
with the section line --! of Figure 3, the main 
valve being shown in neutral position 30 
Figure 2 is a view taken as indicated by 
broken line 2--2 of Figure 1; 
Figure 3 is a section taken on line 3--3 of 
Figure !; 
Figure 4 is a section taken on line --4 of 35 
Figure 1; 
Figure 5 is an enlarged fragmentary view 
taken from Figure 1; 
Figure 6 is an enlarged fragmentary view 
taken from Figure 3; and 
Figure  is a fragmentary detail view taken 
ïrom Figure 1, but showing a modifled porting 
arrangement for the main slide valve. 
The invention will flrst be described as 
bodied in a four-way, three-position, pilot con- 
trolled selector valve whose main valve ele- 
ment is of a linear trave]ling slide type. It may 
be assurned for illustrative pm2ooses that the 
voElve will bave four external pipe connections, 
one to the high pressure fluid source, two to op  
posite ends of a work cylinder, and a fourth to 
a return line leading to a fluid reservoir. This 
illustrative valve is shown in Figures 
clusive, to which reference  first directed. 
In said Figures 1-6, number I} designates gen- 55 
erally a valve body, which includes a generally 
rectangular central body block portion fa and 
axially alined tubular boss portions I[}b projeet- 
ing oppositely from body portion }a. The lat- 
ter are here shown as provided with integral 
Wall-engaging mounting brackets |l, suitably 
perforated for .mounting screws. The top and 
bottom of central body portion |[}a are formed 
with fiat horizontal surfaces  and 3, respec- 
tively, and a hydraulic connector lïtting 
hereinafter more particularly described, is se- 
cured, against bottom surface |3, as by screws 
3a, while a tapped bore 5 sunk ito top sur- 
face  receives connector fltting 8. The lat- 
ter has externally threaded wall ] adapted for 
reception in threaded bore , and a hex head 
8 at its outer end by which it is turned into 
position, and which ultimately shoulders: against 
body surface  as  positioning StoP: Fitting 
]  is tapped as 'at   to :receiÇe :0ri9ëntionàl 
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coupling means Ch the end of the high pressure 
pipe (hot shown) through which the hydraulic 
pressure fluid is supplied. An O-ring seal at 
a sea]-s against hydrau]ic Ieakage around fit- 
tmg | . 
The tubular poï'tions |blo:tBe.'valve body are 
formed with bores 28 ektending inwardly fo 
shoulders 2 , and with enlarged counterbores 22 
extending inwardly to intermediate shoulders 3. 
10 Extending between the two annular shoulders 2 
is a prefera.bly square or rectangular hole or 
. guideway . fol" a main slide valve 2, formed of 
hardened stee!, and having a corresponding 
square or rectangular cross-section. The guide- 
] way 2 is precision ïormed, preferably by 
broaching, and the valve 2] is precision machined 
and ground to fit the guideway 2 with very close 
tolerance, only sufllcient working clearance be- 
ing permitted to enable the necessary free sliding 
"20 movement in the operation of the valve. The 
total clearance is of the order of .0005 ° to .001". 
The top and bottom surfaces of this valve ruera- 
ber  are in addition lapped to an optical]y fiat 
flnish. Extending through the central body por- 
tion of the valve between annular shoulders  
are semi-rounded grooves 2 and 3} (Figure 4), 
one on each of the slide valve 27. The gròoves 
9 and 3} are sunk into the otherwise fiat side 
walls oî the rectangular guideway 2, and they 
extend through the central body portion of the 
valve and open ai their ends through the two 
annular shoulders . The slide valve ,-as 
will be seen in Figure 1, is of somewhat greater 
length than the distance between the two shoul- 
ders 2 |, so as to have an operative range of move- 
ment in either direction from the neutral cen- 
tralized position illustrated in Figure 1. The 
limit oï movement in eitler direction from the 
centered neutral position of Figure 1 is of course 
40 reached when the end oï the slide valve reaches 
the corresponding shoulder  . 
Slidably fltted in bores 2} in back of the two 
ends of the slide valve 2 are freely floating pis- 
tons , each formed with a peripheral groove in 
45 which is seated.a synthetic rubber 0-ring $ knd 
a back-up or packing ring 38. 
Outside oï or in back of each of the pistons 3 
is a tubular spring sert or retainër , the latter 
being freely receivable inside the bore } and 
50 having ai ifs outer end an external annular posi- 
tioning flange 4 slidably receivable inside the 
counterbore -- and engageable against the annu 
lar shoulders 23. This spring retainer 4 bas an 
inner md wall 2, ïorming a pocket for reception 
oï the inner end of an outide coil centering 
spring , while a small tu.bular boss 44 project- 
ing rearwardly from wall  forms a positioning 
means for an inside coil centering spring 45. A 
passageway 4 extending through ïthe center of 
wall 4 and through boss 44 permits passage of 
hydraulic pressure fluid from the chamber 4 in- 
side bore 2 to the piston. 
The chambers 4] are closed at their outer ends 
by caps } secured t the tubular-body members 
I[}b as by screws l-These Caps [} bave annular 
shoulders 6 wtfih engage the ends of the tubu- 
lar body portions }b, nd lïa-ve tbular x'ojëc- 
tions 3 snugly eceived insidethe-.bores 2, the 
latter being provided .with external àinular 
70 grooves fltted with O-rings  to seal against 
leakageto the outside from the pressure chaïnber 
?. The rearward wall  of each of he caps  
affords a sert for the cöii springs 3 and 4, and 
a central boss  centers the inside spring 4, 
 7,5 while-the internI, bore of the cäp.-is such s 'fo 
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accommodate and center the larger outside 
spring 4S.  T0 prevent the turns of the small in- 
side spring 45 .from working in between the turns 
of the large outside spring 43, the two springs 
preferably bave opposite pitch, as clearly fllus- 
trated in the drawings. The purpose of having 
the two springs, one inside the other, is simply 
to secure suflicient spring pressure and range of 
action within the space accommodation of the 
present design. 
The main slide valve member 27 of the present 
valve is formed with a pair of longitudinally 
spaced, symmetrically located, oppositely inclined 
fluid bores 60 extending between ifs top and bot- 
tom faces, these bores inclining outwardly or 
away from one another in a downward direction. 
Valve member 27 also bas a centrally located 
horizontal bore 0! extending between the two 
side surfaces thereof, and communicating at op- 
posite ends with the two grooves 29 and 3{} (Fig- 
tu'e 4). A central bore $2 extends downwardly 
ïrom bore SI through the bottom surïace of the 
valve 27. 
The previously mentioned tapped bore !5 sunk 
into the top side oï the valve body terminates af 
an annular shoulder 7{}, and extending down- 
wardly ïrom the latter is a reduced bore 7!, the 
latter terminating at annular upwardly facing 
shoulder 72. Extending downwardly through 
this shoulder 72 is ïurther reduced bore 73 which 
opens into the top of the guideway 20 ïor slide 
valve 27. Slidably received in the bore 73 and 
serving as a port ïor the hydraulic fluid is a shear 
seal ring 74 of hardened steel, externally cylin- 
drical, having a narrow annular seating surface 
75 at its lower end ïor engagement with the uP- 
per lap finished surïace of slide valve 27, and 
having a wider seating surïace 75 at ifs upper 
end. The lower seating surïace 75 is ground and 
lapped to an absolutely fiat surïace. The open- 
ing ai the lower end of this shear seal 74 is sui- 
cient fo accommodate the bores ${} oï the slide 
valve when registered therewith. That is to say, 
when a given bore $0 is registered with the shear 
seal 74, the seating surface 75 of the shear seal 
will engage the upper surface oï the slide .valve 
all around the periphery oï the bore $, so as to 
accomplish the necessary seal. 
The shear seal ring 74 is pressed downwardly 
into sealing engagement with the slide valve 27 
by a coil spring 8} bearing on the upper end of the 
shear seal and confined within a sleeved member 
8 ! located in bore 7 !. The inner end oï fltting ! $ 
engages the outer end oï sleeve 5 ! and extends in- 
wardly theïeïrom fo afford an overhanging shoul- 
der 82 against which the upper end oï the spring 
80 may bear. The shear seal ring is also pressed 
dovn against the valve 27 under hydraulic pres- 
sure, since its exposed upwardly ïacing area 
is greater than ifs exposed downwardly ïacing 
area. Located in the space between the lower 
end oï sleeve member .8! and the shoulder 72 are 
an O-ring seal 55 and a back-up ring 85. Fltting 
!6 includes wall portion 57 ïormed with fluid 
ports 88, permitting the high pressure hydraulic 
fluid introduced through the fltting !$ fo be not 
only passed downwadly via sleeve member 5! to 
and through the shear seal ring 74 to the ported 
main valve member 27, but also to pass-through 
the ports 58 into the chamber 90 immediately 
above the shoulder 7}, and this pressure fluid so 
introduced to the chamber 9} is utilized as pres- 
ently fo be described ïor the control, of the pilot 
 .valves. 
 :- -: It will be seen .that with. the slide valve .27 -in 

6 
the neutral spring-centered position shown in. 
ligure 1, the shear seal ring 74 will be spaced 
midway between the two ports $, and the pres- 
sure fluid is accordingly cut off at that point. 
5 By means later tobe described, the slide valve 
member 27 may be moved in either direction ïrom 
the neutral position illustrated until the upper 
end of one or the other oï the ports $0 is regis- 
tered with the shear seal ring 74, and is there- 
10 ïore in communication with the hydraulic pres- 
sure fluid introduced through the inlet fltting !$. 
At such rime, the lower end oï such port $ .will 
register and communicate vith a sealed bore !0 
extending downwardly through the valve body to 
15 the lower body surface !3. There the bores ! 
communicate with ports ! {}! in fltting ! 4 opening 
into tapped tubular bosses !2 adapted fo receive 
coupling means to the fluid pipes leading to the 
two opp0site ends oï a work cylinder. The bores 
20 !0{} open to guideway 26 through reduced bores 
!}3, in which are slidably received shear seal 
rings !4, exactly similar, to the previdusly de- 
scribed shear seal rings 75, and these shear seal 
rings !{}4 are pressed into sealing engagement 
25 with the bottom surface of valve 27 by coil springs 
!  bearing on their lower ends and seated t the 
bottom ox the coupling member !4, as shown. 
The coil springs !05 are confined inside sleeve 
members !}, placed inside bores !} and 
3O ranged In overlapping relation with the lower 
ends of the shear seal rings, rubber O-ring seals 
axd packing rings being placed around the shear 
seal rings !4, exactly as with the previously de- 
scribed shear seal 7. Rubber O-ring seals 
35 are also placed in grooves or counterbores !!! 
sunk into valve body surïace !3 around the bores 
! ïor protection against leakage a.t that point. 
I will be seen that when the upper end of one 
oï the ports 6 ls registered with upper seal ring 
4O 7, with its lower end then registered wi.th one 
of the lower seal rings !4, the port $2 in slide 
valve 2 will then be registered with the other 
the lower seal rings !04. Hence, hydraulic fluid 
from the pressure source will at such rime enter 
45 via upper fitting !6, pass through shear seal ring 
74, thence downwardly through the registered 
port ${} to one oï the lower shear seal rings 
and on downwardiy via the latter fo and out 
.through the corresponding coupling boss !2 fo 
50 one end of the work cylinder. Ai the saine rime, 
fluid ïrom the other end oï the work cylinder 
wlll be returned via the other coupling boss !{}2 
and will be passed upwardly through the corre- 
sponding shear seal ring !4 to slide valve port 
55 2, then be in register with the last-mentioned 
seal ring !}4. This return fluid is conducted 
ïrom port 2 through transverse valve port 
to channel 3} (Figure 4), whence it is received by 
a passage !28 leading .downwardly ïrom channel 
60 30 through the valve body fo. communicate with 
a passageway ! 2 ! in coupling member ! 4, passage 
!2! opening into tapped tubular boss !22 into 
which the return or exhaust fluid pipe is under- 
stood to be coupled. 1or the purpose of sealing 
65 between passages !2 and !2!, a rubber O-ring 
seal !23 is placed in a countersink !24 in the 
valve body around passage !2, and this O-ring 
is preferably centered by ïorming an annular 
ridge ! 25 on the coupling member ! 4 around .pas- 
70 sage ! 2{}. 
Working in suitable guides mounted lr the cer- 
tral block portion ! a of the valve body, on oppo- 
site sidesoï inlet fltting !$, are: two parallel pilot 
valve plungers ! 3,. each comprising a .central 
75 spherical pbppet., valve. head :!.!, reduced Stems 
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12 and 133 extending in opposite directions 
from the .head ISI, and cylindricaI plunger parts 
 13 and .5 on the .ends oï stems 13 and 155, 
respective]y, the p]unger parts |34 and 135 being 
of slightly less diameter than the spherical head 
$i. To provide ïor accommodation of the 
guides, seats a,oEd seais for these plungers, the 
valve body btock IOa is formed with a bore 
extendin inward]y from ifs fiat front side 
a reduced intermediate bm'e 142 extending in- 
wardly from bore I, and a ïuïtler reduced 
side bore 145 extending inwardly from bore 
The body is counterbored fïom the other side to 
form bore 144 of the saine diameter as bore 142 
extending inwa'dly to a juncture with bore 
Plungers 134 and 13.5 are slidably mounted in 
suitabty bored glands I and I1, respectively, 
located in bores 14 and 144,respectively. The 
plungers 134 and 13 are also slidably fltted in 
tubular portions I- and 1.55 of valve seat mem- 20 
bers 14 and t.5, respectively. The seat more- 
ber 4 has an inner cylirdrical head portion 
15G fitted iïside bore t43, and peripherally 
grooved to receive an ordinary O-ring seal and 
back up ring, as illustrated. At its other end, 
the member 14 bas an enlarged annular flange 
} received snugly within bore |4. The bore 
12a of tubular member | is just slightly less 
than the diameter oï spherical poppet valve 
and the inner end of said bore confronts pop- 
pet valve 131 as indicated. Seat member I is 
a substantial duplicate o member , its tubu- 
lar portion $ having at the inner end a cylin- 
drical head 16 fitted with an O-ring and back 
up ring the saine as in the case of the head I 
of seal member I, and the outer end of the 
member 13 carries annular flange 152 seated in 
bore 14. The bore I$ of tubular member 
is slightly less in diameter than the diameter of 
sphericaI valve element 151, and confronts the 
latter in opposition to the bore I. If wiI1 te 
seen that the intersection of these .bo.res 152a 
and I$ with the fiat ends of- the cylindrical 
heads 1.5 and 2 forms round, sharp seats s 
and s', respcctively, for seating engagement with 
the spherical p0ppet valve element 131. The 
hed !6| of seat member 55 bas projecting 
spacer îngers 4 (sec Figure 5) which engage 
the head  ofseat member 154 and space the 
two valve seats s and s' apart for a pilot valve se 
stïoke of approximatelY .020"/ 
Tïe aforementioned glands -5@ and I I back 
up and engage the corresponding flanges I1} and 
62 of the seat members. 'Gland I is conflned 
by a shim t5 seated in bore t42, and gland I 
is conflned by a coter plate S8 secured to the 
valve body. The peripheries of the two glands 
are grooved to receive rubber O-ring seals and 
back up rings as .indicated, while the conter 
bores of the glands are counterbored from their 
inner faces to receive O-ring seals in the man- 
ner c!early illustrated in the drawings. 
A fluid..passage I"0 establishes ressure .fluid 
communication from the previouSly mentioned 
source pressure fluid space 98 (sec Figure 1) to 
an annular space 1 formed at the junction of 
bore3 I. " and 143, between the head of seat 
member 14 and its flange '. ,Communica- 
tion is established between space | and the 
interior of tubular member  - by moins of ports 
|ï2. Pressure fluid thus passes through bore 
, chamber I , ports |3 nd the sPace inside 
of tubular, members I and around alve stem 
13 to thepOppet valve I$1. The saine pressure 
fluid acts .in the opposite .-direction àgainst 
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pÏunger 18, s0 thit the pressures re balanced 
and there is no net force .ïrom fluid pressure in 
either direction in the .static condition with the 
poppet valve on ifs seat s. The poppet valve is 
normally maintained in sealing engagemei3t with 
ifs seat s by means of a coil spring 6 surround- 
ing plunger 1$4 and confined between the outer 
end of gland 4 and a retaining ring l mount- 
ed on plunger 134 near its outer end. 
Actuation of the pilot valve is. accomplished 
by pressing inwardly on the outer extremity of 
plunger portion 34 to more the plunger and its 
poppet valve $| through the .020" stroke nec- 
essary to unseat the poppet valve from its .seat 
15 s and to seat the same on the alternate seat s'. 
This car te accomplished manually, but is pref- 
erably accomplished by a suitable solenoid. A 
solenoid is conventionally indicated at I$|}, being 
shown to have a plunger 81 understood to 
b advanced into operative engagement with 
pluner 13 when the solenoid is energized, It 
wi]l be nderstood that upon de-energization of 
the solenoid, its plunger I$ will retract and re- 
lease the pilot valve piunger 13 for return under 
the influence of its spring I. To provide for 
manual actuation even when having the sole- 
noid installation, the solenoid may bave an 
tending push button device such as indicated at 
I. OEhe two solenoids for the two pilot valves 
may behoused in a suitable casing, understood 
to te secured properly to the face 14| of the 
valve body. The solenoids are shown to bave 
tubular .bosses I-8 screwed into tapped bore 
,. These valve operating solenoid devices 
orm no part of the present invention, and are 
hence onlY conventionally shown herein. It will 
te understood, however, that in connectionwith 
thWtwo Solenoids, an electric .power circuit wiI1 
te provided and also a three-position switch 
providin for-energization of either solenoid 
(but not both together), and for de-energization 
of both toether. It will of course also te un- 
derstood that any suitable alternative means 
may be adopted for operation oï the pilot valve 
plungers |$9, as requh'ed fo meet various con- 
ditions,  
Depression of the .pilot valve | against its 
spring 18 in the manner indicated ab0ve results, 
as described, in unseating the poppet valve 
from seat s and moving it to the opposed seat 
s'. This allows pressm'e fluid to escape from the 
bore of tubular member 12 past the poppet valve, 
whence if may fiow outwardly between spacer 
fingers 4 to a fl_uid passageway 18 leading fo 
.the previousl, described hydraulic pressure fluid 
chamber 4 (sec Figure 1). 
As earlier described, in the absence of actuat- 
 ing forces, the main slide valve 2 is held in a 
centra!ized position between the two centering 
60 springs. Presence er hydroEulic pressure fluid in 
a chamber 4 through actuation of the pilot valve 
as just described results in application of pres- 
sure fiuid against fioating piston 31, the fluid 
reaching the latter through the port 46 in the 
'65 .spring seat member :9. The floating piston 
accordingly advances, pushing stide valve mem- 
ber 2 ahead of .it against the oppcsed centering 
spring, untilthe piston 31 reaches the stop shoul- 
der 2 I, ai which position the slide valve member 
70 2 , has moved one of its fluid ports 6{} into a posi- 
tion establishing piessure fluid communication 
bet»veen the ring seal 5 and a lower ring seal 
14. At the saine time, as earlier described, the 
retu'n port 62 of the main valve registers with 
-5 the other lower ring seal |{}4. oehus it Will 
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seen that actuation of. pilot valve plunger 
sends, pressure fluid, from inlet fltting 16 past 
pilot poppet valve | 3 | and into chamber 4, from 
which it-exerts pressure through floating piston 
36 on the end of the main slide valve to move the 
saine into a position where pressure fiuid from 
the in]et fitting can travel down through a main 
valve port 60 to one or the other of the tapped 
pipe coupling bosses |02 Pressure fiuid is thus 
de]ivered to. one of the pipes conn.ected to a tubu- 
Iar coupling boss |02, while af the saine rime re- 
turn fluid wi]l enter via the other coupling boss 
|02, and wfll be delivered via port 62, port 6|, 
and passages |20 and 2| to the return pipe 
coupled into the boss 22 (Figure 4). The main 
slide valve will of course be moved in one direc- 
tion or the other, depending upon which of the 
pilot valve plungers |3{} bas been actuated. 
When the pilot valve plunger 30 is released, it 
returns under the influence of its spring 
through its .020" stroke, poppet valve |3| sepa- 
rating from seat s' and again making sealing en- 
gagement with pressure fluid seat s. Main slide 
valve 22 will thon be returned te its neutraI con- 
ter position by the previously compressed cenber- 
ing spring, thereby cutting off he pressure fluid 
at ring seal 24, and hydraulic fluid will be ex- 
hausted from chamber 42 through passage |$5, 
and wilI flow past seat s' into the annular space 
between tubu]ar member |53 and pilot valve 
stem 33. This fluid thon fiows through ports 90 
in tubular member 53 just inside flange 16, te 
be received by a passage |9 extending down- 
wardly and opening into groove 29 (Figure 4), 
whence it may travel along groove 29 to and inte 
transverse slide valve port 6|, fo escape via pas- 
sages |2{} and |2| leading to "return." It may be 
noted that the grooves or channels 29 and 30 es- 
tablish communication between the inner ends 
of the two bores 20, permitting fluid fiow back 
and forth between these spaces to enable the 
movement of the pistons 35. 
One particular feature of the main valve is the 
fact that the s]ide valve 22, with its close pre- 
cision fit in the guideway, is actuated by but hot 
rigid with, the floating pistons 3. This assures 
proper working of both slide valve and pistons, 
even though there be a litt]e misalinement of 
the piston bores relative fo the guideway for 
the main valve. 
Attention is called to the fact that upon elec- 
trical failure, both pilot valves must necessarily 
occupy their neutraI positions, and the main 
valve must return te centered position, cutting 
off the flow of source pressure fluid, and cutting 
off communication te both ends of the work cyl- 
inder. No hydraulic fluid is hence "dumped" as 
a result of electrical faflure. However, since the 
so]enoid plungers can be manually actuated, the 
system remains fu]ly operative under manual in- 
stead of electrical control. 
In the event of hydraulic source pressure fluid 
failure, the system both pilot and main valves, 
wfll return te neutral, the saine as with electrical 
failure. However, while the system is designed 
for 3,000 p. s. i., the valve remains operative down 
to about 240 p. s. i. 
It wilI be evident that the valve bas the im- 
portant feature of "non-interflow" between par- 
tially open ports in intermediate positions of the 
main slide valve. In other words, there are no 
intermediate positions of the slide valve at which 
hydraulic flnid can flnd an unintended path of 
communication between two valve ports. 
Figure 7 shows  odifl_ed portng arrange- 
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ment for the main slide valve 22 of Figure. 1. 
ttere, there are two slanting ports 200, placed 
side and substantially paralleI to ports 6, posi- 
tioned to establish communication between shear 
 seaI rings 94 and transverse slide valve bore 
in the neutraI position of the valve. Accord- 
ingly, in this modification, fluid is free.to escape 
fo "return" from both ends of the work cylinder 
when the main valve is in neutraI position. 
10 A further modification, unnecessary to illus- 
trate, consists in using a main valve positioning 
spring at only one end of the slide valve, and a 
floating piston and pilot controlIed means for 
applying pressure flnid thereto at 0nly the other 
1 end of the slide valve. In neutraI position, thon, 
the slide valve is moved its fulI stroke in one 
direction by the positioning spring, and when the 
pilot valve is actuated, pressure fluid is delivered 
to the fioating piston to more thè slide valve 
20 against the spring in the opposite direction. The 
porting of the main slide valve and of the valve 
body may folIow, in effect, the arrangements 
suggested in Figures 1 and 7, or may be as 
desired .... 
2 Also, the pilot valve of the invention may be 
used independently as a shut-off valve, either 
normalIy open, or normalIy closed. The pilot 
valve as shown in Figures 1 and 6 illustrates 
typicalIy the use as a normalIy closed shut-off 
30 valve, since actuation of the plunger 30 against 
the influence of the positioning spring |78 results 
in displacing the spherical poppet valve | 3 | from 
ifs seat s, causing flow to take place past the 
valve 3| tobe received by the passage |05. 
3 Also, the use of the pilot valve as a normalIy 
open shut-off valve is ilIustrated in Figures 1 
and 6, when the return fiow from the piston 
chamber 47 through passage 85 to the interior 
of seat member 55 is taken into consideration. 
40 There, the fluid is flowing past the sphericaI pop- 
pet valve 3 (thon seated on seat s) into the 
bore of seat member 155, te be exhausted 
through ports |9{} on its way to "return." If the 
valve actuating solenoid is energized, the spheri- 
45 cal poppet |3| seats at s', shutting off any such 
flow into the bore of seat member  55. It should 
be evident how such a valve device may be 
ployed as a fluid shut off valve in many sit- 
uations. 
0 It is of course to be realized that many modi- 
fications in design, structure and arrangement 
may be ruade in the valve without departing from 
the spirit of the present invention, and without 
departing from the scope of the appended claims. 
55 I claim: 
1. In a fiuid valve, the combination of: a valve 
body, a hardened slide valve of rectangular cross- 
section, a guideway of corresponding rectangular 
cross-section, formed in said valve body and slid- 
60 ably receiving said slide valve with a close sliding 
fit, opposite faces of said slide valve having a 
precision finish, spring means for centering said 
slide valve in a neutral position in said guideway, 
pressure flnid means for moving iaid slide valve 
65 through a predetermined stroke in either direc- 
tion against said spring means, a guide bore in 
said valve body opening into one side of said 
guideway to face one of said finished surfaces on 
said slide valve, a pair of guide bores in said valve 
70 body opening into the opposite side of said guide- 
way to fce the opposite finished surface on said 
slide valve, said pair of bores being spaced apart 
longitudinalIy of said guideway by a distance 
equaI te twice the stroke of the slide valve in 
75 either direction frein neutral position, externaI 
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fluid openings in said body communicating with 
said bores, hardened sealing rings in saîd guide 
boris prissurally engang said finished surfaces 
of said slide valve, a pair of ports through said 
slide valve extending between said nished sur- 
faces thereof, said slide valve ports opening 
through said one of said nished surfaces on 
opposite sides of the first mentioned guide bore 
and at spacing distances therefrom equal to the 
stroke of the slide valve in either direction from 
neutral position, said slide valve ports opening 
through said opposite finished surface of said 
slide valve outside said pair of guide bores by 
center-to-center distances equal to said stroke 
of said slide valve, a fiuid discharge passage in 
said slide çalve opening atone end through said 
opposite finished surface on said slide valve at 
a point hall way between said pair of guide bores, 
and opening at its other end through a side of 
said slide valve between said fmished surfaces, a 
longitudinal groove in the wall of said guideway 
opposite said other end of said passage to receive 
fluid therefrom, and a discharge passage in said 
valve body leading from said groove. 

12 
2. The combination of claire 1, in which the 
slide valve bas an additional pair of fluid ports 
located inside said first mentioned slide valve 
ports, said additional fluid ports opening through 
5 said opposite finished surface of said slide valve 
in positions fo register with said pair of ring 
seals when the slide valve is in neutral position, 
and the other ends of said ports communicating 
with said longitudinal groove leading fo said fluid 
10 discharge passage in the valve body. 
TI-IODORE H. HOLZER. 
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